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Foreword

This report summarizes the recent
achievements and progress of onguing
programs at the Air Force Geophysics
Laboratory. It is the twelfth in a series
initiated by AFGL's predecessor. the Air
Force Cambridge Research Laboratories
{AFCRL). Written primarily for Air Force
and DoD managers of research and de-
velopment. it shows how AFGL met the
needs of Air Force systems and cxtended
the technology base in geophysics during
the period from January, 1933, through
December, 1984.

Loyttt 3

JOSEPH D. MORGAN. III
Colonel, USAF
Commander
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I AIR FORCE GEOPHYSICS
LABORATORY

The mission of the Air Force Geophysics
Laboratory (AFGL), Hanscom AFB, Mas-
sachusetts, is to understand the geophys-
ical environment in which Air Force
systems operate in order to counteract its
detrimental effects on these systems, or to
use its special properties to their advan-
tage as, for example, in the over-the-
horizon radar system, where radio signals
are scattered from the ionosphere.

Since 1982, AFGL has been part of the
Space Technology Center (STC), with the
Air Force Weapons Laboratory and the
Rocket Propulsion Laboratory, headquar-
tered at Kirtland AFB, New Mexico. The
Space Technology Center reports to the
Space Division of the Air Force Systems
Command.

This report describes the research pro-
grams, activities, and achievements of
AFGL from January 1, 1983, through De-
cember 31, 1984. During this period,
AFGL conducted research, exploratory,
and advanced development programs in
the physics of space, the ionosphere, the
atmosphere, the earth, and optics. The re-
sulting technology was transitioned into
the Air Force in the form of computer pre-
diction codes, tactical decision aids, data
bases, design standards, atlases, computer
models, feasibility studies, and prototype
hardware and software.

In 1983, AFGL Commander Colonel
John Friel undertook the first major inter-
nal reorganization of the Laboratory since
the mid-1970’s. The Computer Center
Branch became the Information Resources




Management Division, recognizing the
important role of computers in geophysics
research. The Aeronomy Division was
abolished, and two new scientific divisions
were created: Ionospheric Physics and
Infrared Technology. The Terrestrial
Sciences Division was renamed the Earth
Sciences Division and the Meteorology Di-
vision became the Atmospheric Sciences
Division. The Laboratory’s scientific staff
of 283 scientists and engineers was thus
organized into seven divisions instead of
six: Ionospheric Physics, Aerospace In-
strumentation, Space Physics, Atmos-
pheric Sciences, Earth Sciences, Optical
Phuysics, and Infrared Technology. The re-

The Air Force Geophysics Laboratory is 17
miles west of Boston at Hanscom AFB. where
it is a tenant of the Electronic Systems Divi-
sion of the Air Force Systems Command.

search programs of these divisions will be
discussed in the chapters that follow.

Colonel John Friel commanded AFGL
until October, 1983, when he was suc-
ceeded by Colonel Gerald P. D’Arcy, who
had been Vice Commander of AFGL since
1979. Colonel Rodney Bartholomew
assumed the office of Vice Commander in
January, 1984. In March, 1984, Colonel
Joseph D. Morgan, III, was selected to be-
come the new Commander of the Labora-
tory. He assumed his duties in June, 1984.
In November, 1984, Colonel Morgan
established the first System Program
Office at AFGL for the management of the
CIRRIS 1A program.




Scientific Staff: The strength of the
Laboratory lies in the capability and repu-
tation of its scientific staff. Of the 283 sci-
entists and engineers at AFGL, 98 have
doctor’s degrees, 79, master’s degrees, and
100 hold bachelor’s degrees. Several sci-
entists won recognition for their contribu-
tions to defense and to science.

Dr. Christopher Jekeli, principal theo-
rist of physical geodesy in the Earth Sci-
ences Division, received the Defense Map-
ping Agency’s Research and Development
Award in 1983, the second such award to a
member of the Earth Sciences Division in
two years. Dr. Jekeli resolved a critical
dependency in the calculated accuracy
values of the DMA gravity gradiometer, a
unique instrument that measures changes
in the earth’s gravity field from a moving
vehicle. Among other applications, it will
greatly increase the accuracy of intercon-
tinental ballistic missiles.

Brazil presented the "Merito Santos
Dumont” medal to three members of the
staff for their contributions to the joint
programs that the Laboratory conducted
with the Brazilian Institute of Space
Activities: Charles D. Howard (1983) and
Edward F. McKenna (1984), of the Aero-
space Instrumentation Division; and Dr.
Rocco S. Narcisi (posthumously, 1984), of
the Ionospheric Physics Division.

Two staff members were appointed to
the Senior Executive Service: Dr. Donald
H. Eckhardt, Director of the Earth Sci-
ences Division, and Rita C. Sagalyn,
Director of the Space Physics Division. Dr.
George W. Simon, formerly Chief of the
Solar Research Branch at Sacramento
Peak, New Mexico, was appointed to the
super grade of Senior Scientist in the
Office of the Director of Space Physics. He
is a Payload Specialist Astronaut in train-
ing for NASA's Spacelab-2 and Sunlab
missions.

The reputation of the Laboratory's sci-
entific staff is further attested by the elec-
tion of AFGL scientists as fellows of their
professional societies: the Optical Society
of America (eight fellows), the Royal
Astronomical Society, the American Asso-

w

A third of AFGL’s scientific staff hold the
Ph.D. degree.

ciation for the Advancement of Science,
the Geological Society of America, and the
Mineralogical Society of America, and
members of prestigious academies, such as
the New York Academy of Science.
Other AFGL scientists have been in-
vited to serve on international commit-
tees, such as NATO Panel AC243, Panel
IV, RSG6 and RSG14; the U.S. National
Committee of the International Scientific
Radio Union (URSI); U.S. Study Group 6
of the International Radio Consultative
Commission; Remote Sensing Group of the
International Radiation Commission; In-
ternational Association of Geomagnetism
and Aeronomy (IAGA), Division III,
Working Group on Magnetic Pulsations;
Joint JAGA/URSI Working Group on
Neutral ind Ion Chemistry; International
Association for Meteorology and Atmos-
pheric Physics (IAMAP) Working Group
on Aerosols and Climate; International
Agency Coordinating Committee on Mid-
dle Atmosphere Programs; the World
Data Center A for Solar Terrestrial
Physics; International Union of Pure and
Applied Physics (IUPAP) representative
to the Monitoring Sun Earth Environment
Committee (MONSEE) of the Scientific
Committee on Solar Terrestrial Physics
(SCOSTEP); Solar-Terrestrial Physics
Committee, Geophysics Commission of
the Pan American Institute of Geography
and History; India and U.S. Steering Com-




mittee on Solar Terrestrial Research Col-
laborative SFC Projects; U.S. National
Cemmittee for the International Union of
Geodesy and Geophysics, Steering Com-
mittee U.S.-Japan Seminar on Heliomag-
netosphere; Committee on Space Research
(COSPAR), Interplanetary Medium and
Its Interactions; Earth’s Middle Atmos-
phere and Lower lonosphere; Interdisci-
plinary Scientific Commission on Space
Studies of the Upper Atmosphere of the
Earth and Planets; URSI/COSPAR Task
Group on International Reference lono-
sphere, International Standard Organiza-
tion, U.S. Subcommittee Advisory Group
for ISO/TC-20/SC-6, Standard Atmos-
phere.

Two scientists from the Space Physics
Division were invited by the Academia
Sinica to give lectures in the Peoples’ Re-
public of China in 19835.

In the United States, AFGL scientists
were called to serve on such important
committees as the Fletcher Commission
(President’s Strategic Defense Initiative
Committee); the OSD Working Group on

A seminar room is dedicated to the memory of
Dr. Rocco S. Narcisi, who died on March 27,
1984. Mrs. Mary Narcist assists AFGL Com-
mander Col Joseph D. Morgan, 11, in hanging
a memorial plaque. Dr. Narcisi served as
Chief of the lonospheric Disturbances and
Modifications Branch from 1963 to 1984. He
was the first to measure the ion structure of
the D-region of the ionosphere, including the
main meteor belt. He received a USAF Excep-
tional Civilian Service Award (1972) and the
Merito Santos Dumont Award from Brazil
(1984}, in addition to AFGL's Marcus D.
O'Day and Guenter Loeser awards.

Nuclear Disturbed Environments; the
IRIS Specialty Group on Targets, Back-
grounds, and Discrimination; the Tri-
Service lonospheric Effects Symposium;
the U.S. Committee on the Extension to
the Standard Atmosphere; NASA, DoD
Sixteenth Annual Precise Time and Time
Interval Applications Meeting; Military
Space Systems Technology Model
(MSSTM); Committee on Solar Terrestrial
Research and Committee on Geophysical
Data of the National Academy of Sciences;
Air Force/NASA Spacecraft Contamina-
tion Steering Committee and Committee
on Spacecraft Environmental Interaction;
U.S. National Organizing Committee,
19th International Cosmic Ray Confer-
ence (1985); Committee on High Tempera-
ture of the American Society for Mass
Spectrometry; U.S. Technical Advisory
Group to the International Electrotechni-
cal Commission on Classification of En-
vironmental Conditions.

Several AFGL scientists are editors of
professional journals and members of pub-
lications boards, such as the Chairman of
the Books Board of the American Geo-
physical Union; Associate Editor of the
Journal of Atmospheric Sciences; co-editor
of Radio Science (special issues on Iono-
spheric Studies by means of Beacon Satel-
lites and lonospheric Effects Symposium
1984); editor of Proceedings of 1984 MIT
Symposium on the Physics of Space
Plasmas; Associate Editor, U.S. National
Report to XVIII General Assembly, Inter-
national Union of Geodesy.

AFGL is well aware that to maintain its
excellent technical staff it must interest
the best young scientists in its mission and
its technical programs. To accomplish this
objective, the Laboratory has for a number
of years participated in programs to
attract and encourage ynung post doctoral
scholars to continue their research at the
Laboratory with internationally recog-
nized experts in their fields.

One such program is the National Re-
search Council Post Doctoral Associ-
ateship. Through this program, candi-
dates receive one-year appointments (with




an opportunity to renew fur one additional
year) as regular or senior appointees. Re-
cently, there have been four or five such
appointees at AFGL each year, including
both United States and foreign citizens.

The AFGIL Geophysics Scholars Pro-
gram was launched in the fall of 1982. This
program also awards one-year fellowships
which can be reviewed for an additional
year. It is open only to citizens of the
United States and is designed primarily to
attract young scientists with newly
awarded doctoral degrees and little or no
nonuniversity experience. Geophysics
Scholars have numbered eleven to thir-
teen over the past two years and have
come from universities across the country.
The contributions of these young men and
women scientists, along with the ideas and
enthusiasm they bring with them, are
readily apparent and stand out as exam-
ples of the success of the program.

A third program in which the Labora-
tory participates is the USAF Summer
Faculty Program, administered by the Air
Force Office of Scientific Research. It
places qualified faculty members from
universities across the country in Air
Force laboratories during the summer
months. AFGL has benefited from twelve
to fourteen such appointees each summer
during the past two years.

During the reporting period, the
Laboratory sponsored a number of key
workshops in which teams of scientists
from other government agencies, univer-
sities, and private contractors joined the
AFGL staff to pool information and plan
research on such problems as auroral dis-
ruptions at high latitudes that degrade
radio and radar transmissions (HILAT
Workshop, 1983'; the physics of the polar
cap, in which theory lags behind ex-
perimenta! data (Polar Cap Workshop,
1983); space hazards to asironauts (Space
Radiation Environment and Radiobiolog-
ical Effects Workshop, 1984); and space
hazards to modern microelectronics
(Space Radiation Effects Science Team of
Combined Release and Radiation Effects
Satellite, 1984).

AFGL scientists also published in the
open literature 385 journal articles and 94
reports and presented 284 papers at scien-
tific meetings. Bibliographies of these
items are included at the conclusion of
each of the following chapters.

Annual Budgets: The annual budgets
for the two years covered in this report are
shown in the accompanying table. The to-
tals include salaries, equipment, travel,
supplies, computer rental, service con-
tracts, and those funds going into contract
research. The largest expenditure is for
contract research and development.

Funds received from AFGL’s higher
headquarters, the AFSC Director of Sci-
ence and Technology (DL), and to a lesser
extent those received from AFSC organ-
izations other than headquarters, are used
to conduct continuing programs.

AFGL receives support from the Elec-
tronic Systems Division, the host organ-
ization at Hanscom AFB, in accounting,
personnel, procurement, security, civil en-
gineering, and supply. Holloman AFB,
New Mexico, provides services to the
AFGL Balloon Detachment. AFGL sup-
ports RADC’s small laboratories at Hans-
com in the areas of the Research Library,
laboratory materials needed for the ET
mission, the computer, technical photog-
raphy, mechanical and electrical en-
gineering, laboratory layouts, electronic
instrumentation, and woodworking.

AFGL contracts are monitored by scien-
tists who are themselves active, partici-
pating researchers, and who plan the re-
search, organize the program, interpret
the results, and share the workload of the
actual rescarch.

Field Sites: AFGL operates several field
sites, the largest of which is the Ground-
Based Remote Sensing Facility in Sud-
bury, Massachusetts. During the report-
ing period, work was completed on a new
dual-frequency Doppler-weather radar
system operating at a wavelength of 10
cm. [t is being used to develop models for
the automated interpretation of features
of storms that affect Air Force operations.
A separate Weather Test Facility is lo-




TABLE 1
SOURCES OF AFGL FUNDS
FISCAL YEARS 1983 - 84
FY 83 FY 84
(In Millions)

Air Force Systems Command-DL 60,655 64,064
Air Force Systems Command-Other than DL 11,822 8,296
Air Force 142 649
Defense Nuclear Agency 4,928 4,785
Defense Mapping Agency 5,483 2,801
Army 244 1,617
Navy 69 60
Department of Energy 61 101
National Aeronautics and Space Administration 463 238
Department f Commerce 64 40
Defense Communications Agency 1,758 2,000
Defense Advanced Research Projects Agency 440 414
Department of Transportation 0 130
University Corporation for Atmospheric Research 0 3
University of Maryland 26 74
$86,155 $85,272

cated at Otis ANGB, Massachusetts.

In New Mexico, AFGL operates a bal-
loon launch site at Holloman AFB and at
Sunspot maintains the Solar Research
Branch (seven scientists) of the Space
Physics Division at the Sacramento Peak
Solar Observatory.

At Goose Bay Station, Labrador,
AFGL’s Gonse Bay Ionospheric Labora-
tory studies subarctic events, including
the aurora and polar cap absorption of
high-frequency radio waves.

AFGL carries out field tests at a num-
ber of military installations, inciuding the
Fort Churchill, Canada, rocket range;
Fort Wainwright and Eielson AFB, Alas-
ka; Albrooke AFB, Canal Zone; Vanden-
berg AFB, California; and the White
Sands Missile Range, New Mexico. In
addition, the Poker Flat Rocket Range,
Alaska, and commercial airports are also
used.

AFGL launched 47 research balloons
during this period from its permanent bal-
loon launch facility at Holloman AFB,
New Mexico, as well as from temporary
sites at Roswell, New Mexico, Corpus

Christi, Texas, Vandenberg AFB, Califor-
nia, and Fort Ethan Allen, Vermont. Thir-
teen of these flights were tethered balloon
missions.

During January and February 1983, a
tethered aerostat was successfully flown
for several weeks from Fort Ethan Allen,
Vermont, to test its capability to remain
aloft under severe winter conditions, in-
cluding icing and winds. The Balloon
Branches conducted a test flight and suc-
cessful mid-air recovery of the BAMM II
payload, leading to the development flight
of the total BAMM system from Corpus
Christi, Texas, on June 1, 1984. Again, a
successful C-130 mid-air retrieval was
effected.

AFGL balloons carried test and ex-
perimental payloads for Space Division,
Electronic Systems Division, the Depart-
ment of Energy, the U.S. Army, U.S.
Navy, NASA, the National Center for
Atmospheric Research, as well as a num-
ber of universities.

In 1983, twelve sounding rockets were
launched in support of AFGL scientists.
Ten flights were totally successful, but on




two flights rocket-motor failurc occurred
(see Appendix B). All payload systems per-
formed as planned.

Five sounding rocket programs started
development in 1984 and are scheduled to
be flown in 1985. About one half of the
technical effort normally applied to re-
search vehicle work is now devoted to free-
flyii.g satellite and shuttle payload-
system. integration. In the report time
period, experiments were flown on two
free-flying satellites and three shuttle
flights.

Technology-based research has con-
tinued in the areas of microprocessor-
based adaptive telemetrv systems, in-
telligent data-processor systems and
command/control systems. A base line de-
sign of a multiuse shuttle-detached
spacecraft system was developed. Utility
and cost comparisons show this could be a
viable option to the present high-cost shut-
tle payload system.

In November, 1984, AFGL broke
ground for a new two-million dollar
Payload Verification and Integration
Facility, the first new construction at
AFGL since 1970. It will permit AFGL to
control the environmental and structural
testing of spacecraft, rocket and balloon
payloads, formerly done at contractor
facilities. Increased reliability of compo-

The foundations of the Payload Verification
and Integration Facility are poured in
November 1984. Spacecraft, rocket and bal-
loon payloads will undergo environmental
and structural testing in this building under
the direct supervision of AFGL.

nents and payloads is anticipated from the
new facility. It will consist of a high bay
area and a two-story laboratory area. En-
vironmental test machines for vibration,
shock, spin, thermal and structural test-
ing will be installed in the high bay area.
A telemetry test facility to monitor en-
vironmental tests will be built on the
second floor of the laboratory area over-
looking the high bay area. A clean room,
providing a dust-free environment, will
a'so be constructed in the laboratory.
Other laboratories will be equipped for
thermal-cycling and thermal-vacuum
component acceptance testing.

Adjusting the Detector Optics of AFGL's
Lidar Receiver in the Receiver Room of the
Lidar Laboratory. (The light backscattered
from the laser beam is collected by a 36 in
Dall-Kirckham telescope. the bottom of
which is shov n here.s

LIDAR Sounder Facility: In October,
1983, AFGL’s new LIDAR (Light Detec-
tion and Ranging) facility became oper-
ational. It consists of a laser transmitter. a
36-in. telescope receiver. control electron-
1cs, a4 data processor. and a safetv radar.




The transmitter emits ten pulses of light
per second with a peak power of 200 mil-
lion W along a path pointed vertically. The
light pulse is 10 ft long. It scatters off aero-
sol particles, dust, and molecules of gas in
the atmosphere. Some of the light energy
will dissipate in the air and some will be
scattered back to the source, where it will
be collected by the telescope receiver. This
return signal is then analyzed to obtain
the density, temperature, and comvosition
of the atmosphere up to a height of 62 mi.
This instrument is being developed for fu-
ture use .t the national space ranges. It
will replace the more expensive balloon
and rocket technology used in the past to
obtain atmospheric information.

AFGL Computer Facilities: During the
reporting period, AFGL continued its
long-range program to update its comput-
er facilities. The former Computer Center,
which consisted of a large, central-site pro-
cessing facility, has been totally replaced
by a broad-band local area network inter-
connected to a main frame and numerous

AFGL is replacing its former central-site
processing computer facility by a broad-based
local area network interconnected to a main
frame and numerous medium-size vertical
memory hosts. The fully operational network
will be timplemented by the end of FY86.

medium-size virtual memory hosts. The
initial hosts are a CDC Cyber 170-750, a
VAX-11/780,and a VAX-11/750. The CDC
Cyber 170-750 is to be replaced in July,
1985, with a CDC Cyber 180-860. A pilot
network which has been operational since
the spring of 1983 consists of three main

host systems and numerous intelligent
terminals such as IBM PC’s, Tektronix
color graphic terminals, and an Apple II
personal computer, as well as DEC
VT100's and VT102 terminals. The fully
operational network will be implemented
by the end of FY 86 and will be valued at
$19 million.

A long-range evolutionary plan was
completed during FY 84 for AFGL's
migration toward an advanced, full capa-
bility, distributed, miltimedia informa-
tion system. This plan addresses future
network enhancements and seivices, the
translation of future user needs into in-
formation system capabilities, the ti» .-
phasing of information system growth,
and the identification and definition of vi-
able alternative information-system
architectures to meet the stipulated evolu-
tionary needs.

AFGL Research Library: The AFGL Re-
search Library has the largest and most
comprehensive scientific and technicai re-
search collection in the United States Air
Force. This collection is international in
scope and includes extensive holdings in
mathematics, chemistry. physics, astro-
physics, electronics, and geophysics. Each
year the library adds more than 2,500 new
titles to the book collection. The library
also subscribes to approximately 1800 cur-
rent periodical titles. Of these, approx-
imately 4,000 volumes are bound each
year and added to the permanent collec-
tion. In-house and contractor technical re-
ports from AFGL and the Electronic Sys-
tems Division are also maintained, both in
paper and microfiche.

In addition to its collection of publica-
tions, the library offers computer-aided
literature searches. This service provides
the patron with immediate access to mil-
lions of citations from journals, books. re-
ports, proceedings and reviews published
throughout the world. On-line interactive
searching of the Defense Technical In-
formation Center’s (DTIC) several files. as
well as many commercially available data
bases, gives the library user immediate
access to much of the world’s scientific and
technical information.




Pumping Out Nosecone Section of Aerobee
150-Rocket Before Launching Grazing Inci-
dence Extreme Ultraviolet Spectrometer (40 -
1250 A).




I IONOSPHERIC PHYSICS
DIVISION

lonospheric physics is the study of the
physical and dyvnamical properties of the
earth’s upper atmosphere at altitudes
from approximately 60 km to 1,000 km,
the region where Air Force communica-
tions and surveillance systems operate.
AFGL measures the electrical structure,
electron concentration, total electron con-
tent and the ionic structure of the iono-
sphere, as well as the extreme ultraviolet
radiation which creates most of the iono-
sphere.

The vltraviolet radiations present in the
upper atmosphere are the principal ener-
gy source affecting the structure and prop-
erties of this region. In addition. ultra-
violet radiations can be used to help solve
defense problems in the areas of missile
surveillance and tracking, spacecraft hori-
zon sensing, atmospheric/ionospheric
sensing for communication and detection
purposes, and technical intelligence.
These radiations are measured principally
by means of satellites, although rocket
measurements are used in the definition of
new concepts and in the development of
instrumentation for satellite use.

The electrically charged particles in the
upper atmosphere also have a significant
effect on the propagation of radio waves.
The concentration of these particles varies
significantly during disturbed conditions
such as polar-cap absorption events, au-
roral events and ionospheric scintillation
events and can degrade the performance of
satellite communications systems. The Di-
vision 1s measuring these events by means
of various instruments on sounding roci'-
ets, satellites, the Space Shuttle and the
Division’s C-135 aircraft.
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The atoms, molecules, ions, and photons
present in the upper atmosphere constant-
ly interact. These interactions are investi-
gated in the Laboratory, and the rates at
which the reactions occur are measured.
Theoretical work is conducted on model
development of the ionosphere and var-
ious plasma effects. The results of these
investigations are of direct relevance to
the Integrated Operational Nuclear De-
tection System at Space Division and to
the Ballistic Missile Office.

In addition, there is an extensive theo-
retical and experimental research pro-
gram to investigate the large-scale
processes which structure the global
lonosphere (such as the polar cap. the au-
roral oval, the F-layer trough, and the Ap-
pleton Anomaly). The large-scale struc-
turing results from complex interactions
of neutral winds and ionospheric plasma,
electric field-driven plasma drifts, ion
chemistry, and particle precipitation. It
affects Air Force systems operating pri-
marily in the hf range.

The Ionospheric Physics Division also
investigates the medium- and small-scale
processes from tens of kilometers to centi-
meters in size that lead to the formation of
irregularities (as observed, for example, in
equatorial electron concentration (N, de-
pletions. in the high-latitude ionosphere,
and in the recently discovered polar-cap
F-layer auroras and patchesi. The
medium- and small-scale irregularities re-
sult from various plasma instabilities, on
some occasions from localized strong parti-
cle precipitation, as. for example, in dis-
crete auroras. They affect radio propaga-
tion in the frequency range from hf
through shf and are therefore of impor-
tance to Air Force systems from the hf-
based over-the-horizon backscatter radar
to the satellite communrications systems
(AFSATCOM, MILSATCOM) operating
over the whole uhf and part of the shf
band. The same physical processes apply
to similar effects. even up to ehf frequen-
cies and in the nuclear-disturbed iono-
sphere.

ULTRAVIOLET RADIATION

UV Imaging from Satellites: Ultra-
violet radiation from the earth’s iono-
sphere is being used to develop remote-
sensing methods for determining the
ionospheric electron-density profile and
for the auroral disturbance region. These
improved methods will enhance operation
of Air Force communications and radar
systems. The feasibility of identifying re-
gions at high latitudes that result in radio
wave scintillation is also of interest, as
these regions simulate the effects of high-
altitude nuclear bursts.

As proof of concept of this application of
ultraviolet radiation, the Auroral:lono-
spheric Mapper (AIM) was launched on
the Defense Mapping Agency HILAT
satellite in June. 1983. This ultraviolet
imager obtained a strip map of the earth’s
ionosphere seen from the polar-orbiting
satellite at about 830 km. A movable mir-
ror on the earth-viewing side of the stabi-
lized satellite made repetitive cross-track
observations. When these light-intensity
measurements are displayed in proper
registration on the ground. a map is pro-
duced. The daytime auroral oval can be
seen above the dayglow levels. Spatial res-
olution was about 5 by 20 km,; spectral
resolution was 30 A ; and any one of a
series of preselected wavelengths in the
1100-1900 A region could be used. Excel-
lent images were obtained. but unfortu-
nately an electronics failure after about
three weeks of data collection severely
limited the amount of data obtained.
However, non-imaging photometers at
3914 A and 6300 A continue to give guod
data.

An improved ultraviolet imager will be
flown on the Polar Bear satellite in late
1986. This imager is named Auroral
Ionospheric Remote Sensor AIRS), and it
differs from AIM in that simultaneous im-
ages can be made in different wavelength
bands. During daylight, two UV
wavelength bands can be used. such as
oxygen 1356 A and a group of nitrogen
Lyman-Birge-Hopfield bands. At night.




3914 A and 6300 A images can be obtained
as well. Also possible will be higher spatial
resolution backgrounds for missile de-
fense applications. The simuitaneous im-
ages will permit tests of remote sensing
codes also being developed in this division
with the ultimate use to be the Special
Sensor Ultraviclet (SSUV) on the Defense
Meteorological Satellite Program satel-
lite.

UV Measurements of Missile Engines:
As a preliminary step in obtaining ultra-
violet measurements of missile exhaust
plumes for use in the Strategic Defense
Initiative, some measurements were
obtained using available laboratory
equipment. Static test firings of the Titan
II first and second stage engines were con-
ducted at Aerojet General, Sacramento,
California, in September, 1984. These
observations were limited by the UV
transmission of air at ground level to
wavelengths longer than about 2000 A.
Total intensity measurements were made
and coordinated with imaging data ac-
quired by Science Applications, Inc., on
the same tests. Good quality measure-
ments were obtained, and it is planned to
continue work of this kind with the goal of
building a good spectral and spatial data
base on boost-phase missiles.

Solar UV Radiation in Stratosphere:
On 20 April 1983, a solar ultraviolet spec-
trometer was carried to a height of 40 km
in the stratosphere by an 11 million cubic
foot balloon. Solar radiation in the range
from 1850-3200 A was measured during
ascent, a 2 h period at float altitude, and
during descent to 28 km, where measure-
ments were terminated. The data
gathered were compared with that from
similar flights of the same instrument in
1977, 1978, 1980 and 1981. These dates
span the rising portion of the current 11-
year solar activity cycle, the peak period
and the beginning of the decline in activ-
ity. Comparison of the measured intensi-
ties in the range from 2350-2870 A shows
that the solar cycle change on this
wavelength range, which is a large part of
the solar heating input to the strato-
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sphere, is less than 7 percent and may be
essentially zero.

Data in the range from 2000-2200 A
taken during ascent were analyzed to
yield a measurement of the optical absorp-
tion coefficient of molecular oxygen. The
value of this parameter is important to the
photochemistry of the stratosphere as it is
a determinant of the concentrations of
ozone and atomic oxvgen, both highly
reactive species. A measurement of the
molecular oxygen absorption coefficient is
difficult in the laboratory because of the
long absorption path required, a measure-
ment condition easily attained in the
stratosphere by using the sun as a source.

Structurein2to 5 eV Spectra: The exis-
tence of marked structure in the 2to 5 eV
energy spectra of near-earth photoelec-
trons has been predicted by theory and
observed experimentally. This structure.
arising from resonant vibrational excita-
tion of N, is seen as a valleylike dip in the
spectra near 2.5 eV and is predicted by
theory to be most prominent at low alti-
tudes near 110 km, then to diminish with
increasing altitude until it disappears in
the 200-250 km region. To investigate this
theory, the energy spectrum of low-energy
thermosphere photoelectrons was meas-
ured by 127° cylindrical electrostatic re-
flection analyzers on several rocket probes
launched from White Sands Missile
Range, New Mexico. The electron analyz-
er was mounted on the back surface of a
solar ultraviolet specirometer that was
pointed at the sun by means of a sclar
pointing control. The electron analyzer
faced in the anti-solar direction and,.
therefore, was sunshaded throughout the
data acquisition period. This prevented
contamination by locally generated solar
photoelectrons.

The rocket data indicated that the
structural feature of interest reached a
maximum in prominence in the 140 to 150
km region and then diminished at alti-
tudes below 140 km. declining and ulti-
mately disappearing at about 110 km. as
shown in the figure. The rocket results,
therefore. do not agree with the theoret-




